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THE DEVELAOWENT OF A RAM AIR DECELERATOR
FOR THE RECOVERY OF ARTILLERY SHELLS

Vomce L Dehte
1. KOmth Colt-

4 Robot IL Crolt

Sandia Naional U e
Albuquaque, New Mexio V7135

Ahatra spinning at a high rfa, amodyamic mud gyrodymic her
an came it o manes to a lare enough agle dkthe shell

Sandia National Labotabories is reVsp ble for te turns newly upside down. This can rme the sae n&mg
design of recovoy systems for ammic artillery shells dt awe on the lin which c'mit it t tode p c Md C3 ce a
periodically • sted by artillery firngs. It is desirabe t have ailur of the recovery syrm. TMV of the & is
a movery s • that exhibit% a high dree of reliability do decreased only by air friction, fhcm i the swivl Md
1t th costs assomaled with each UK shell. A Ram Air f=ctibonbeweeth shell and thelines U they a*. A ed
Decelerator (lAD) bas been imstigated as a adid recoverd with the presmen pmrach roerns,,y sy = amsti
replacment for the current parachuf recovery sysm. Tans be spinning at mome than 5.000 rpm wbea it impmm the
have induded pwof-of-onc ptetso a a trucktlowing ig, ground. Although the I-m -mrciovy sym has b ee
non-spiming airop tests, spin am in a high alide chamb developed to the point that it provides beho n dm - IS
and artillery fired prmjectile tests. Although testing bed to be success rate. it is very desirable to frther inpronv the
erminased tbefore the program could be oumpkend sigafioni recovery system reliability becani of the cost of a* an

mdswere made in RAD design for this harsh environment, item.
Possible desig improve res were identified for futr tsing
shold the progurm be revived. The wtm Rm Air Deceerator (RAD) normally muers

to a device with a comed pressure boundry (with the escuption
Irbo e of the 1m air inl11) dut is ifltd by ram air. A RAD is

typically constructed of a boom fabric paud md a fop faMdc
Sandia National Laboratories is responsil for one -o dont we fasteed -togethere along ther umiw oftes to fam

design and wting of amic artillery shells. During the a dosed cntaine. Me only inended ; p gs i this
development and the continued stckpie evalmaodoo of a type comainr am te ram air vent boles loomd in the bomm
o shell, nummos atillery ote firings am coduc. In a y pane. Figure I shows a sketch of inflaid fo-lobe BAD
of then est firings, it is ne14 ry to recover dt shell inteW atamhed to an artillery shell. lADs offer a possible dvam
in evaluate the performance of its componts Iaffighte w over a paachuarecovery system became twy can be mnmed
de sam a spin biized and can be revolving at mom dun diready on a shell. Thts, if the shell uties tm w a bae
15,000 rpm (250 rps). To permit zecmy, they we fired upwd position, the , AD will nm e with t and comenito
from guns st at high q.'dm eivion aogles O5r to Or de-s th shell through torsional air drag. No rtbbiq or
above the borlsanl. On such high Urcorne Me shell fals conmt damage will oc* sinc there is i or no do,
base first aftr passing apogee moiion between the RAD and th shelL The capbihy ii

mount the lAD directly on the shell cn am elimda the
Pteserdy, a parachute ruevery sysem' is baing use need for high speed swivels wh;:ch arm used is the a.n

io reduce the velocit' of the shell befAe impac. During parachute sysmsto pnreclhWde winding up and collapsing t
daet, while thde ell is spended oan dw parachute and pasrchue. Howeve. this mesas die AD must be cap of

S• i Mm, w at TWAW V,., P m sp m inasa.ding the centrifugal leds and the torsional drag
sMAdI•b~ 4 sge , -er d in the lAD when it is initially dIqpploed A

fhezac of a typical ight pomfile is shown in Fgurm 2.

" " ofm , r1 4 , 3111M0. &AWI=dy Amw iiA hi lAD deigns fr submu appliasi
SMbw of AMA typiclly have lac.• ,l ti..• engths (center of t AD to do p

of los o-esthn inches. The size of a '.AD .re
S .- so*I .I.aSon"d m m ""m idby is46 byte paloadweight, die desired impact v" .

do U. S DW. f 1mg w 4 0d the RAD's coefficimt of &d The wok o( theuary
Do-ACa0€4i6e0l - shell iNmded for rmuevy is appndimody 90 ma. The

res pWp is IIt Ia ak u as . & aM M a is s -, a mazim impact velocity desd is ae dta 2= i.. TIs-
cjpynlkproamn a dw Uad Smmmequires alAD wish adianies f30 to 36 Wd

12S OfSTUMtON O~F T~it: ::(UMAI BTEN,9-4t 70990 1
,944 4 11 o0
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RAD Attahed to an Artt9y Slw fnight ProMi for ArtlMr7 SId RaWea

Flight Slaulatlom tie RAD mouning hub to ao the RAD to fly away from fth

sin rig if out-of-balance conditions exced a& limits. An

No gVumd vt hiit-y em which an samultaneously ala Wei• r alwed tte momiring of vimm evdL A
simulam th enam eaviroummn dot = ar•ilky-rwovang ofac an the ypin Aans as inaswed in the RAC is
RAD wo•mid z• However, diffes aspects of ue show in Figum 3. MTmem wasm With u om
enviramtcm be imunW ividuaily. mrnmy otrolned video amms (p&l/aom) md two gh

spad (4W00 pps) movi camer mmd in de d HRAC md
Sa high sped (1000 pp) video cam viewn through a

window from outside die HAC.
One of dte mom severe sOa of this envircnment is

the U spn rses. Forth radwlargm clarac M a•ddc
dimetmn reqvuid for the RAD io be usd for arflhly sAM
,acwy, vny Imp fabus deelop in the lAD dot ID An aert of dfe RAD th a, he ic n ibe
cenaUd d ladL Thu it was desirable to IM the lADS is independently fim Wn is de inflation cuacrrimics. MaWy
this eane ceevifuap lobding envir•nme. Spinning a lAD mans h -vauatng ths am avaale icludi wd mad
athdm in a dard sanoem would produce a viny ad flight ating. However, thsme an typef m•m
lrVe my on the lDdu td aeodymic drag. Mme msuming and mdy. A andoer red mmtuimy aod of
couldbelmm Iabm th cegnUaupi conpoant ofthelcd invemiig qualiadvey dr inflado. c1r-uIa" ,w
in the *asoc of thes amdymmic bde. ThIs, Sntdi's desi-ed. A devic was desiped and IIim w hIhmdd fit
SiWg Abitude C Her AC) was WHO oom do bed of my pick-up tuck d povide a min d

mieg qp od d pImmof is prf. Ihedevine
na HAC is a 27-ft Am6- haca ire pmsue vend endad ofa ftmewrk of Unima •d fit iaothe. two ads

capable of I g a 200.000-fte uiva In pI 2Ne id hIel oldie bed -m res ptI iuded qpam I 17 ft
aout30 ium ad mainmiming it indefldildy. A NOgPh t aboneWved evel. A pi, atthe bas o most a
Vinman appm ma s ead, Mbeicamjoad bimtaudindo it to be raied ad loe- mu . Varam cls am; p- ',
HAC, thu* • in m an to he oandamd w*i lan wm W to it a moredrmaerigd smemnu . TM& gm
virmvhy auo m , h --iP d" pei 7W spie y ppiMn he sum FisuRp 4.
aiuid a arb, -m amd lAD umcthi syin bIdw-

caale of Vyiang up to 30.00 pm (S00 rps). A The lAD n mucaed to a fo houn • which ma
s"M zeg•mdl d su.pply air % th -h m l to mi do momad m th =m lMe forody dsimd ambap
desrdM VW rm ad emplole oweryaed promdom blogic a dA& A 111,l1oym beg wn inidefly honid ame do &AD
aumdcaly adimm es t *11 from tue supply air d . ad . fbody. A 4-'a goidoau•St v d U
evmmt a(lAD im. A Us* couplin was dedgmed im a mdhed • te d lm&. A video ý wasmam•l
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to'r CAMERAiwmi , heDDduigth .1
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U mm drin te kr dmbnt ofd themRDSi

a0temustamn daid qd viewy whdile cbvdft d ethe noD

viewos ca WWint inlaedshp while Obevng the min c te
In this rqualitatve infcruin ton miltt could he
gathered and re dvery quickly. Vigure 5 shws two

Ila spin tnow swB leavd to be very corn effectie
Required viw m wr limited to perscod ssgeddrld
to the prgma. Scheduiing cthe ftcilideswu virtuallyne
a However , than m em cul mno vwii v -

-deadg arear TSU herelbindltird methd c

Thin 3110 mm mpl be ued foa r drop tow am was

used fo h 214 lidoft~ Thu ve~'eles weighing 25, 55,
a and 9 FGsmupac* chwaeused. no YS b *kkwoa

- -m wdty*A dot simue the ultimate AD Myload.
IU m wit ondute by instalf the thick ad the RL"AD

the do Apya bogta was attache * a Ning heck Figure 4
tw riIpem The hecprwould asen to th RAD Tow Ten Rig
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a) Boltom View b)Top View

Figure 5
Inflated Sh4pe of QRAD

desired release altitude and maintain i min•.al forward Test Program
,e!ociry. Reectuve tape on the front of the test ',ehic!e
prmtnrded through the bottom of the bag and allowed a PZtasI

:'r,.r-:.Sace re----x.J n• *c,. ::-:e .e.-::.e. "5-,n
C•'•.•'-. ::.''2i'e •::=....L'e •,:c:z•r :ii'..e .:.c. c?-.e, tag .'•ie .- ,a ::.,•: a .(_D• o :ea.- .e.-,sre.l

was opened aJowing the vehicle to fall triling the R.AD. As recovery system used a 20 incht ciameter i:nee-lobe RAD.
the vehicle accelerated, the RAD inilated and the vehicle designated TR.AD. The shape of the TRAD *as specified by
approached a terrninal descent velccity. During the entire time Alex T. Zacharin3. Two TRADs %ere fabricated using single
of fall, the laser-tracker followed the vehicle and computed laycrs of coated Kevlar cloth for both the top and bottom
location and velocity data. Several video and high-speed film panels. These TRADs were moun.ed on Lhree different drop
cameras r.orced the event. These tests %enfied the inflation test vehicles that had *eights of 25, 55, and 95 lb. The tests
charactenstics and produced drag area and termrn.al velocity involved dropping the ýehiclcs from a helitcpter. In each of
data. The tests were more costly and =,arder to sciedule than these tests the TRADs inflated -e-m quickl: and produced a
the spin and to* tests, but were a necessity before proceeding controlled descent. The 95 lb vehicle. a mockup of an actual
in the teU program. 155 mm artullery shell. reached a des,--t velocity of

a4proximately :00 'ps at ground ri.pact at an altitude of 5300
: ft.

T'he onv myeans of testing in the complete ervironment Spin tests *,Me -hen conducted :n a high altitude
er.e to fire a tes veh:c:e as aL atxiery shell. Such tests were cham..or (described ;reviously) to ealuate :te ability of the

possible at Sa.-ia's Tcnopa.l rest Range (TTR) Neada. At TRAD design to %;Lhst•.d the h:g-, c-uinf gal ocads. A review
TTR szveral 2.55 mm and 3 inch arillery guns are availabie to of the strength ark' dernsity prope--es of several candidate
fire a shell at high e!evauon angles. Upon using a full materals. see Table I. showed Kevazr oefers the greates.
propulsive c.h!arge. -he shell r"ches an apogee of strength to we:ght of any of the readily aailable filament
approx:,a'ey 0.'XO f". -Rs•v.rs and cc.ucl .'-:eccpes are t•tae:rn-s.
able to trak Jhe shell; hoever, photographic coverage is
impossible at these extreme altitudes. A wide range of The first spin Tesu of the three-lobe designs using
,ropuls:ve ch.arges is avalable that produce apogees as low as woven Kevlar fabric showed that -he three-iobe RADs had
25,000 ft. These low charges also produce Iower spin rat- special problems *hen subjected to severe centnfugal loads.
resulting in lower cenwmfugal loads in a RAD as ;t deploys. The very nature of a three-lobe oesign constructed from a
However, even though the spin rate is reduced, t.!e increased singie layer of fabric resulted in the weave orentation (straght
density at the :ower a!lttude results in larger aerodynamically or bias) of the fabric differing frcwm lobe o :obe. Thus, the
pro"ced torcuec on a RAD. Thus, it is no( cear which lobes dWd not strain uniformly as -he unit *as centn:i.gaily
eniroemrent is the more severe. This facility was used in the loaded by the spin. This produced an unbalanced behavior and
last sages of the test program for combined effects xesting. ultimately contnbuted to the seif-destzraction of the unit. This
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Table I layers of fabic. Z n had defir, the shop of dthe op and
Candidaw Manual Preties bo nmpondls of TADs by a ires of ar•. The sa type of

procue was -- d to define dp nl shaM for the QRADL
Figure: 6 show a demip aoea-uc. of a QRAD.

$uueVM 1
Tamae WeO Rado The a shape of the QRAD ponels. mch as the depth

MateriSl3Wwth. or OaW,. p e.p of the vailly bet, lobes, the shI of dhe lobe. and de
asw t31.;&M, iw teiu heig* fht hdf ,ie rosese was deve lod by a unialand mr

5. 1.7 2. p ro= where: pio p with dilhring pepmrtis went
Nv~on 11. 2.2 S.0 ostuct and evaiamd. Once, die AW and sma of t top
Stne 200. 14.7 13.6 pond were etd, the dimensions of the bottom pael wen
4-10" S20. 2.8 1'o. _ained so du the ongth ofthe ot edge of the btmt

pd would cosely math that of at tp -. This
. ter m of W am indicated de die lbes should be conraimt was ýe since fte ,p aWd boom ponds had

aligned with the warp and fin directons of te morhogoafly to be joined by stitching P hir oer edges.
wor fabric to td full advant&ge of the levlar fianmem
strength. A cop code was furcmand to pefrom the

im n prom c heas d wa rmeuired to match de length of the

Ph= TI maw edges of the bottom - an thato of the top panel. Input
to the code is show in Table 2 and iMstrat in Figures 6-8.

Drwimg from ft exparr= gained from the si UM The code calculated tdhe parameters need o conmsct the top
In plha la TRAD was conastrcted with each lobe cut from panel and the paraamem needed to cotruct a bottom pa-
the Kevlar frbric W dat the warp yorns aligned with a radial that met tee length requirement.
line drawn fom the cne of the hub to the up of a lobe.
Rlegniing that the coa/ng on the leviea cloth ued in hie Table 2
Pas TRADi added considerable weigb with little or no QUAD Sizing Prmmetr Defini
muc m ntrength, wacoaed Kevlar cloth was used in Phas_
EL The three lobes were sew together aimg1 radial linesNme N,,,no Defnii'
projecting from the center outwards midway aeaewute, tips Wn R• • 6. 7& Wm
of each of die lobes. When spmn, the sea proved to be a
weak spot and apin the TRAD was destroyed. f. i nmi s

H heoght wAernww
Wt the top and botm panJs cf a RAD are A sem ,.W

construc=e with single layers of fabric, the sas- in the fabric x., Y. 'ioe sio . ,amewrs
due to centrifugal loads varies as a function of the square of p ini a auwat
the radial distance from the out edge of the RAD. To reduce _ _ __ _

the fabric sresses, the number of filamem carrying dhe loar
was increased by adding layers of fabric to eah panel as an
inverse function of the radial dLsUn= from the cene of It also calculatd doe outer rodii for eh reinforcing
motaion the hub. This method of fabrication approximated one fabric layer dt was v be used. The ou r admi for the
used in modei. high-speed flywhel designs. A second TRAD reinforcing layers ar defined so the maximum s at the hub
was fabricated using this method with three fabric layers in die due to cmifugal loads is not greater than the mximum at any
hub region, two layers in the intrmediate region ad one layer othe radius i the peL. FI•gure 9 shows the advantages of
in the tip region. Each lobe was alignd with the warp wing reinfori:g layers of fabric. When no raforng laye
filaments (yams) of the fabric. This conorueon diminaed is used i die p the sress increases monoonically as the
the wed for the radial seams of the eartlir Pham 13 design and hub is ap By inserting renforcing layers at the
improved the overall performance of the TRAD. However, the various radii the maximum stress ezpemwW by the fabric can
ultimate spin rate goal of 250 rps could mot be met. be conoed. Tis is illutated by di -Imnd curve wher two

To further improve the filamea loading efficiency of A ROTAT10N

the ram air decelerator design, a change to a fir-lobe design
*a made. This four-lobe iAD dmp was Ig. um- as the
Quadripetal Ram Air Deceerat (QRAD). The four-lobe
design offernd a larger projected amn of inflated fabric as the
flow thn did de thre-lobe design (about 16 pMant inc:ase)
for the si• lobe up radius. This gves a QRAD more drag for

the ,am up radius than a TIRAD.

As differemnm TIsADi T Aoemucwa in the
propa" a devep a "AD mfe" sy• he an artiller -y• mo.---
shell dtir te were impiy obtained by Caln the
Z.hatrt posens. When the decimon was madea 0 uild fomr-
lobe QlADi a method had as be m e asdefi" e the P Us FgrM 6

for the ep ad bottom panels and for the adde nfomg Crowft-•m lon Pr*s of QUAD

, ,, 'i lilllil lll i E I
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Figure 7 lpir-' I
QRAD Top lind QUAD Sonem ]and

AJo OF ROTAION L.Oll TI
rAW LAYMIM P VOWuP spin nupt a-x large as M70 rnp (16.000 rpm). Fiqgm 7

S1 and 8 n dsatho of top and booom pnd desigs th-, show
L _ ifthe design puamas thad am output.

2 SevcAs of thes QRADs wer buil fhom uncomed
IlevWar Mimc and tetd in n-spinnng airdrops f a

1 S L V " helicoper as diannad preinaly. None of diem mfid fully
-------- -- and thr drag 1 Ima ,wa very pow. T"s pow fio

AD063LAYM was caued by iwavemd peuimobility tseanhing ham Aschp
wo unmmed lMdc and the aemove zig-, g idacha used
during •k,.iaicon. Them ws demonasisad cadusivedy *a

I i 16 Is small menmper infat• o and perfmane.L In he
RAIAL DISTANCE (Inch.) co am oef mcawding QtADs a ower permeability fdc

was used and ae anihom was poid to omivnimng 11 hol1

Figure 9 hm byt•hie u•*h mI .

Effects of Layering om Radial Stm

fnbmng layesn am added befoo A the hu is roached. Of Thar am a number of diffenet olutons for the
mur, d*As med•d of mnforiang is valid only if each permeblizy prblem. One can mc an aisng manaL. rind
reinforcing layer cm be fasumed to 69 tbr layers a dA a I=ss peme at material, kamnate an impermeable ma'iai,
adsi Ilod is evedy shared beto do layets or instl an impermeable bladder within th RAD. Morn

costings dim will reduce the permeability zgwFlA=y, ala
Anodter mon o extseme centrifga lads on As add sgiflandy w ft w" of the mami -so 1dog

hbdc ins dipiwls was the - air a ps dMa w oad we had aleady sm as dm em tin thds alicad. Is
at Ase tips of the khe fa As Zachdw desige. Thens =s v ddiftion as &C pr" waad1 deore ' uder As cotmn
as cnmummd nmm and could not be aokramd a A lage b onds, a coafn my be dsmaged klaving Aes h c ae
tip radii. The somp w mon d ha Aes dtip of the s permable. The, I al-) a( --of kdc is gnfly No
the oghs bo saumb hof As iobae. •a oing As mos got for this appkla•tad sio. nical abendon a•te weav•
much closer a dAs bob grey reduced the centifud bol ti (ciuing) md ihely lose its effetivenes whim Af lo
As woop acmim Modefannmed under ma. A bladder widun fa QUAD, if so

aTtac•thed strualymine to f QUAD, wou Mhew It wTswd
The QUAD deign wi thA rao air scops lod in nudly Atsoamne ainovo of msas As QUAD itself. Tbus, a

s umus pved my pwm fg in Aa Vo , m vsAV hatowed u M dc was pwomi.
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Ile iW of choice was the mam Kevlar dloh Un oftny, funding ontintsi preciuded may fthe
laminated to a 0.5 mil laya of Mylar. The Mylar (lus developmeet and W,, at this sym Hkwevr,. -
adhesive) added link Weight t• t h larvl Kvlar cloth, wCuld pOOM al lorM were itified which culd be invsigatd
deform wiuh the IKeviar, and radI I the Kevlar cldth nady should die peogim ben l.
imper-mble. Alm, this lamimeed tabric when used to
constuc a Q•AD, edxibited Va wave sability and
improved itan•ie io destruction by spin. Cmnclins & a aeade•io

Te chlnge w a laminaked fabric, a fofur-ob dsign, Whil the QRAD his no ben denmo aod to mri
aid the moving of the ram air mops cat unmaciesty on the the autilley hrunch auvisorment, ignifcam -vm have
inflation asect at he new QUAD deiga. Thus, several bow made toward that goaL Thenab'ce of anmy ctwh ntod
QRADs wer frial using the new dip for simple ow for testing all aspes of the avirommm simultaneauly lid 0
seats (as dmeibed miier) w investioe the inflasm aWm a failun mode a the artillery fired ams thdr hd nor pmeviously
Thes mtt idim good inflation 1f in o( dte new bern experienced.
design and dared the way for additional drop mas hom a
helhop. is obain drag dam. Two drop few erm conducted, As mentiond artier, the QUAD smnd Im hav bam
one with the previously metioned 55 lb umit and • o• with the twised off ju bove the achmn rmgs Thi.
95 lb simulased artillery shell I n were quite srgthening the boTom - ain the areu around the
successful indi the QRAD deign was adequ w 3fto a mm rings may allviate the problem. Addiiol
Winfae. produced fan accptele al! velocity, and la~rIng sma the nags could prowide tisrerase a instegth.
withstood the centrifugal loads producad by the qulausag maau~als with la srgen gth as waght rat"s thas KevW
atlly shell. HoweverOnth W"rWqprdu by eodynamic ould beeImplod. Speema-uSiveaabtidf
drag was not simulated in any of tee ts. in this tudy. The difficutty of produing am

Sp cla doh coupled with ee constraints did mn& a&lsw f as
Suue. The U. S. Army Natick Raeardh, DevlopmentA t

Eginering C is presently inveshigang spider ilk as a
As mentionid arlier, short of firing a shll from an revolutioneay mateal. It shows gm l ome :a egth m o

artillery sm. the complete environment experie during weiM ra. The two materials, Spmr and sqider, ik,
deployment from a spinning shell could not be readily should be considered in any future developmet progrm.
duplicated by any other test methods. Thus, e next stp in
the testing involved firing a test round too. an artillery gun. The failur mode observed was produced by orsioal
A test plan involving three frinp wa planned. The figit two londs. Abowming ft QRAD to roat relative to the shell might
firings used reduced propellant charges to decrease the eliminate this faeure mode. However, it is desirable to de-spin
cetntiugal loads imposed %.pcu the QRAD. Whifle reduced the shell beforc i.pnact. An analysis oi the ro=aWoaee
charges ensure a lower spin rate, the apogee ofdthe shell is als asociated with the shell suge o thta limi ed erg
reduced by the lawer mu=ls vel•ity. This me the rta sy absorbing duch cou•L•d be devised at couple the QRAD to the
SYS=e is deploye as lower altitudes inas highe ai densities shel. The clinceh would miigaa the high torsi-I kinds
In fact, t aerodynamically ipr cd ' orque on the QRAD is placed upos the QRAD a deploymfet theby reducing the
higher at an apogee of 20,000 ft AGL than at the maximum dcan for failure However. the dulch would -mli ft
apoee of 65,000 ft AGL This aspe complicates the aerodynamically developed torque in the QRAD as the lL
selection of approprim e conditions. The clutch ned m t be 1 reable nor mus it surtviv4e for a ug

time - the typical time of fall being 4-5 minutes. A cusmy
The first firing produced a apoge of 25,000 ft and a review of materials and the spece available suggest that suh

maximum spin rate of 5,000 rpm. When the QRAD was a dutch could be incorotafed.
deployed. it sep-aird from the shell and the shell free fen t
the ground. The QRAD was nt recovere, but the shell wa. As mentiomed altier, it is undlear whether or not the
Post-fen examination revealed the QRAD had separated in the QRAD survived the extreme torinal loads during artillery
hub region betwen the two • iamu rming. The r launch. If the Q•Dfailed In this enmvironmen (prior to
patterns observed indicated a shm fur of the adhesive deployment), it vas due to the inertia of the QRAD i•u"f
bestwen the mounting rings. The e-ond QRAD was rmsIsg th spun-up. Adding a more pogtive mem o
disasembled and re-bonded using epoxy as the adhesive. Tisl coupling the QRAD to the artillery shell could elimint this
unit wu fired with the same reduced chrge This shell also failure ,a& Such coupling might be provided by •qlin. at
separated from the QRAD and five fell to the ground. Doth the rdges :;,aide the shell nose
shell and the QUAD urn retrieved. Post-test examination
revealed the QRAD had separued approximately 1-2 inches Incorporati of the ideas for incira strength in te
outside the aachm ring. Crease patters • n the QRAD hub amr the torqae mitigating dutch. and/or load coupling in
indicated dt it had twised off. Two poeibilines exist for this the shell tws should off enough improvement in the desig
type of failure. The torrional leads produced by the inertis of to allow di desiga objecdver to be met
the QUAD during the estreme torsional acceleration at firing
could have caused a failure of tf QRAD before it was eves
deployed, or the aerodynamically produced woque could hive
caused a failure as the time of deploymm.
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DISCLAEIMUR

"Tbin repot.l was prqwmnre as am aucst of work sponsreed by an agelcy of the • Unid S-tat

Gw.'nmmnt. Neither the United Stats Government nor any argecy th•ereo. mar &4y of their

employees. makes any warranty. express or umplied. ur assumes any lepl liabulty or respocat.

bdity for the accuracy. completeness. or usefulnes of any mformatmo. apparatus. product, or S- 
disoed, or repremets tha its use would som infringle privately owmd rights. Refer.

mm hema to any specific coammercial product. procs. sor avm by trade name, trademark.
nufacturer. or other••e does eot necessarly commute or inmply its eadanement.

mcmdatuoa or favaung by the Umted States Government or asy ag•acy ther. The vw
and opiesn of autors cprsned basn do not ccmauily sait or rdelec the of the
ULsted Staues Govern•ent or any agecy therea.
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